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CONTROL SYSTEM FOR LIFTING AND REMOTE MANIPULATION 



UNITS PLACED IN A CONFINED CONTAINMENT 
DESCRIPTION 

Field of the invention 

The invention is related to the nuclear fuel 
reprocessing industry and reprocessing of contaminated 
equipment. 

In particular, it is applicable to remote 
5 manipulators placed in confined containments 
inaccessible to man in order to perform a number of 
tasks in these containments. 

Prior art and problems that arise 

10 Remote manipulation equipment has been used in 

installations related to the nuclear industry, to 
reduce the exposure of workers to radiation and to 
facilitate execution of some tasks that would be 
difficult or even impossible to carry out otherwise. 

15 Equipment has been perfected over the years 
particularly due to progress with electronics and 
particularly in data processing, optical/visual 
techniques and materials technology. Among other 
advances, this has resulted in the robotics industry 

20 since robots are widely used in the nuclear industry in 
which there are particular dangers such as radiation, 
in confined working areas sometimes with particularly 
high temperatures or humidity. 

Fuel reprocessing services that receive fuel 

25 confined in casks, and then carry out various 
mechanical processing (open cases, shearing) and 
chemical processing (dissolution, clarification, 
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adjustment) . Remote manipulation equipment installed in 
these confined areas is inaccessible to man and 
introduces a control problem. The system used 
frequently consists of remote transmission equipment 
5 using a carrier current. In other words, control orders 
are sent through the power supply line to frequency 
modulation equipment. Control is achieved by a man 
using equipment located outside the cell (called ground 
equipment) and equipment located inside the cell 

10 (called onboard equipment) . 

The various equipment and robots used in these 
confined containments frequently consist of a 
combination of a carrier system and a manipulator. 
Thus, lifting equipment, heavy remote manipulators, 

15 travelling cranes, wall brackets and wall slides are 
used. 

FIGURE 4A shows lifting equipment which enables 
horizontal movements in the two perpendicular 
directions, X and Y, depending on the type of carrier 

20 on which it is installed. It is provided with a winch 
that raises and lowers an electronic grab 50. 

FIGURE 4B shows a heavy duty remote manipulator in 
which the body 51 may be placed anywhere inside the 
containment, depending on the carrier used, and enables 

25 movements in perpendicular horizontal directions X and 
Y, and a rotation about a vertical axis of a main arm 
52 that it supports. A grip 53 is placed at the end of 
this arm, which is also capable of rotating about an 
axis carried by the . arm 52 through intermediate arms 

30 54. These intermediate arms may also be provided with 
rotation movements. The assembly is also completed by a 
pulley block 55 fixed to the bracket 51. 
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All this equipment have a degree of movement that 
depends on the carrying equipment used. For example, 
FIGURE 4C shows a bottom view of a travelling crane 
together with a plate enabling a carriage 56 to move in 
5 two horizontal directions X and Y. 

FIGURE 4D is a top view showing a wall bracket 
provided with a triangulated frame 57 free to move 
along a horizontal rail and fixed to a vertical wall 58 
of the containment. Horizontal translation is possible 
10 along this wall 58 in the X direction. Furthermore, 
this triangulated structure enables horizontal movement 
of a plate 59 that it supports, along the perpendicular 
Y direction. 

FIGURE 4E shows a wall slide. This wall slide is 

15 provided with a base 60 that can be moved vertically 
along the Z direction and along a horizontal X 
direction with respect to the containment wall. A 
bracket crane 61 is mounted free to move in rotation 
about a vertical axis fixed to the base 60. This 

20 bracket 61 supports a plate 63 on two horizontal rails 
62, such that the plate 63 can therefore move 
horizontally along these two rails. 

In all cases, it is essential to be able to easily 
and quickly perform servicing and maintenance of 

25 onboard equipment in the confined cells. The onboard 
electronic equipment can fail; in any case, its life is 
such that it will have to be renewed. In particular, 
the electronic boards will need to be replaced 
regularly. Consequently, the defective equipment needs 

30 to be physically retrieved and human action is 
necessary in intermediate areas or maintenance locks, 
or work corridors, in which operators will need to work 



for several minutes or several hours depending on 
difficulties encountered during the repair. 

Furthermore, an electronic board cannot be 
repaired unless it is taken out of the confinement 
containment. But, like all other equipment located in 
the containment, this electronic board is contaminated. 
Therefore, it has to undergo a decontamination 
treatment before it can be repaired. However, 
decontamination treatment is aggressive and can degrade 
its components, or cause general deterioration of the 
board . 

Furthermore, in order to resist radiation, 
electronic boards are made using hardened techniques. 
Therefore they are expensive. Furthermore, it is 
becoming more and more difficult to procure them, so 
that operators often need to repair boards by 
"tinkering" with them rather than changing them. 

Therefore, the main purpose of the invention is to 
facilitate maintenance of onboard equipment inside 
confined containments by modifying the onboard control 
system and the ground system to minimise human action 
and the times necessary for these actions. 

Summary of the invention , 

Consequently, the main purpose of the invention is 
a control system for remote manipulation equipment 
operating in a confinement containment and subjected to 
radioactive radiation comprising: 

- "onboard" control means located inside the 
containment designed to control movements of the 
said remote manipulation equipment, and 



- management means located outside the containment 
providing the interface between the operator and 
the control means. 

According to the invention, 

- control means comprise firstly a control box 
impermeable to radiation and comprising 
electronic circuit boards, and secondly a power 
supply box impermeable to radiation and 
comprising at least one energy supply source, 
and 

- management means comprise a communication device 
to transmit orders to onboard control means and 
to receive data about the state of the said 
control means and the state of remote 
manipulation equipment . 

In its preferred embodiment, the power supply box 
comprises two power supply sources operating 
redundantly. 

The electronic circuit boards preferably comprise 
several microprocessors operating alternately and 
processing circuits providing functional control over 
these microprocessors . 

The control system according to the invention is 
advantageously self-configurable . 

In their preferred embodiment, the control means 
comprise circuits for processing status data emitted by 
control means to diagnose failures and operating errors 
of the equipment and control means . 

It is planned that the control means should each 
be provided with a base, larger than the power supply 
box and the control box, fixed permanently on each 
equipment to be controlled and each being provided 
with: 
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- means of attachment to a control or power supply 
box onto a base; 

- internal connection means to make electrical 
and/or electronic connections between the box 

5 and the base on which it is fixed; and 

- external connection means for making electrical 
and/or electronic connections between the 
equipment to be controlled and the base. 

In this case, it is also planned that the power 
10 supply boxes and the control boxes should be provided 
with locking means on their bases, that can be 
manoeuvred from outside these power supply and control 
boxes . 

The base of each control box is preferably 
15 provided with a lead base plate underneath it to 
protect it against the harmful effect of radiation. 

In their main embodiment, the power supply and 
control boxes each comprise a stainless steel housing 
closed by a Plexiglas cover. 
20 Finally, this type of assembly is advantageously 

closed with gaskets. 

Brief description of the drawings 

The invention and its main technical ■ 
25 characteristics will be better understood after reading 
the following description together with the eight 
attached figures describing: 

- FIGURE 1, the control system according to the 
invention within the context of its use; 

30 - FIGURE 2, showing an exploded view of the power 

supply box for the control system according to 
the invention; 
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- FIGURE 3, showing an exploded view of the 
control box of the system according to the 
invention; and 

- FIGURES 4A, 4B, 4C, 4D, 4E, showing diagrams for 
5 instruments located inside the containments and 

on which elements of the system according to the 
invention are to be installed. 

Detailed description of an embodiment of the invention 

10 The system according to -the invention, shown 

diagrammatically in FIGURE 1 comprises firstly onboard 
control means 43 in the equipment 41 to be controlled, 
and secondly "ground" control means 42, in other words 
control means located outside the confinement 

15 containment 4 0 in which the equipment to be controlled 
41 is located. Information is transmitted between 
ground equipment and onboard equipment using the known 
carrier currents technique ' (that consists of 
superposing a high frequency signal on the power 

2 0 frequency current supplying power to the equipment, 
modulated by a low frequency signal representing the 
logical signal to be transmitted) . 

Each equipment 41 located in a confined 
containment 40 comprises a frame/cabinet 43 that 

25 supports control means consisting of a base 44 on which 
one or several boxes can be fitted, and in particular a 
power supply box 1 and one or several control boxes 20. 

The power supply box 1 contains all power supply 
sources necessary for transmission of information to 

30 the ground equipment. According to the preferred 
embodiment of the invention, this power supply box 1 
comprises two redundant 2 4/48 Volt power supply sources 
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that are capable of replacing each other if one becomes 
defective . 

The control box 20 comprises all elements 
necessary for control of equipment 41 to which it is 
fixed. Preferably, these elements necessary for control 
of equipment 41 are distributed in several control 
boxes 20 electrically connected to each other through a 
base 44 -which will be described in more detail later. 

Advantageously, the control boxes 20 are 
distributed as follows: 

. an onboard remote transmission box that contains 
the equipment that will manage the link with the 
ground equipment, and thus transfer information 
from the onboard equipment to the ground 
equipment; 

. an onboard data processing box that contains 
electronic circuit boards, these electronic 
boards determining movements to be made by the 
equipment based on information " received from the 
ground equipment and local information supplied 
by equipment sensors. 
According to one preferred embodiment of the 
invention, this onboard data processing box contains 
two CPU (Central Processing Unit) boards each 
comprising two microprocessors, two FSK boards 
(Frequency Shift Modulation) , two on-off type 
input /output boards and an encoder board. In this 
embodiment, the four microprocessors in the data 
processing box operate alternately. These 

microprocessors operate in turn in order to increase 
their life, and the capacities of each (see French 
patent application FR-2 663 160) . Onboard software in 
the same box manages these four microprocessors. 
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Note that the data processing box according to the 
invention is the same regardless of the type of 
equipment to be controlled (lifting equipment, heavy 
duty remote manipulator, etc.) . 
5 . an onboard power box that forms the interface 

between the onboard data processing box and the 
various mechanical equipment movement means 
(motors, clutches, etc.). This power box is 
provided with several relays controlled by 
10 outputs from the data processing box. These 

relays change over the power supply to the 
mechanical equipment movement means; 
. a power supply box for the data processing box. 
Apart from control means, each equipment is 
15 provided with status sensors such as encoders and limit 
switch sensors, that provide information to the control 
means about the exact position of the equipment within 
the confined containment. 

The control means that were described above are 
20 managed on the ground by control means 42. These 
control means consist of a general cell cabinet that 
contains: 

- a ground remote transmission device intended to 
control the link with onboard control means 

25 therefore to transfer information from the 

ground equipment to the onboard equipment; 

- a mobile control box that the operator can use 
to control equipment movements from the ground, 
and become aware of the state of this equipment; 

30 - a host industrial PC type computer that manages 

all ground and onboard equipment. 
Advantageously, diagnostic assistance software is 
installed on the host computer to identify operating 
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errors and/or failures of the equipment located in the 
confined containment. For example, if one of the 
microprocessors in the onboard data processing box is 
not working correctly, the software orders that this 
5 microprocessor should be put to "rest" and the system 
continues to operate .on the remaining three 
microprocessors. The defective microprocessor is 
regenerated during this rest time. 

Preferably, the host computer memorises all system 

10 statuses in a file that can be viewed in real time. 

According to one embodiment of the invention, the 
host computer operating system is an IRMX® real time 
system and the control and diagnostic assistance 
software is written in the BORLAND C/C++ language. 

15 A man/machine interface is made using a keyboard 

and a screen connected to the main cabinet. 

With reference to FIGURE 2, the power supply box 1 
is also removable and transportable and is provided 
with a handle 29 like the control box 20. It is used 

20 with a base 19 that is fitted with a connection strip 
13. Holes 16 are formed on it on the same side, that 
are used for crossings for the various electricity 
power supply cables in liaison with this power supply 
box 1, through connectors. Finally, the. base 19 has two 

25 attachment lugs 18 each equipped with at least one 
attachment hole 15 in which a centering pin 14 of the 
power supply box 1 is positioned. 

This power supply box is in the form of a housing 
1A preferably made of stainless steel. This housing 

30 mainly contains two power supply boards 2 located 
inside it and fixed near the top to a ribbed heat 
sink 3. This assembly is fixed onto housing 1A, 
particularly onto a first flange 5, by a gasket 4. A 



second top part of the housing 20A is closed by a 
Plexiglas plate 6 placed onto a second top flange 9 by 
means of an attachment flange 7. The assembly is 
completed by a gasket 8. Finally, as for the control 
box 1A, the power supply box 1 is fitted with a side 
part 12 containing means of locking this power supply 
box 1 onto its base 19, An operating lever 10 is 
located on the top part of this side part 12 that is 
closed by a flange 17 and a gasket 11. 

With reference to Figure 3, the control box 20, 
which is an onboard data processing box, consists of a 
removable housing 20A that can be transported using a 
manipulation handle 29 fixed on its upper part, and a 
base 30 permanently fixed on an equipment to be 
controlled. 

The base 30 consists mainly of a base plate 34, 
the shape of the top part matching the bottom part of 
box 20A, so that this box can be received and put into 
position. The base 30 also includes a lead base plate 
31 located below the base plate 34. The purpose of this 
lead base plate 31 is to prevent radiation emanating 
from the equipment to be manipulated below the base 30 
from damaging or radiating elements in the control box 
20 and its contents, namely the printed circuit boards. 

The base 30, and particularly the base plate 34, 
also includes a fairly voluminous front head 36, and a 
back head 37 that is not quite as large, in other words 
is slightly flatter. Note that the front head 36 and 
the back head 37 are located on each side of the 
housing 20A of the control box 20 itself, the base 30 
and its lead base plate 31 being slightly larger, in 
other words projecting beyond the side of the control 
box 20. The front head 36 comprises means for the 



12 



external connection of the various control cables to be 
used by the remote manipulator or the equipment to be 
controlled by the control box 20. Thus, a connection 
strip 35 is placed on the front head 36 using an 
5 attachment flange 39. For the back head 37, connection 
holes 32 are provided to connect cables to the 
equipment . 

There is also a connection strip 33 on the back 
head 37, forming internal connection means between the 

10 base 30 and the control cabinet 20. 

Note that these different internal or external 
connection means are used for recognition of the base 
30 when a control cabinet 20 needs to be put into 
position on a remote manipulation equipment to be 

15 controlled and with this type of base 30. In other 
words, each remote manipulator or remote manipulation 
equipment is characterized by its base and particularly 
by internal means, and particularly by the connection 
strip 33. 

20 Preferably, the control box is made of stainless 

steel and is open at the top, while the top of the 
control box 20 is closed by a Plexiglas plate 27. This 
assembly is completed by a flange 28 and a gasket 26. 
Therefore, the assembly is placed on a main flange 25 

25 of the control box 20. The box 20 is placed on the base 
30. 

Note the presence on this base of a locking handle 
23 placed on a locking housing 21 itself located on the 
side of the control box 20. This assembly is completed 
30 by a housing flange 24 and a housing flange gasket 22. 
It is thus easy to understand that once a control box 
20 is put into place on its base 30, it can be fixed by 
locking using the locking handle 23. 



Finally with reference to Figure 1, several 
control boxes may be necessary for some equipment to be 
controlled such as complex manipulators. These other 
boxes are not modified physically, but some boards have 
been removed from inside them. The old boxes will be 
replaced by new boxes in exactly the same positions 
equipped with their corresponding bases. 
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CLAIMS 

1. Control system for remote manipulation 
equipment (41) fixed on carrying equipment (43) 
operating in a confinement containment (40) and 
subjected to radioactive radiation comprising: 
5 - "onboard" control means located inside the 

containment (40) designed to control movements 
of the said manipulation and carrying equipment 
(41, 43); and 

- management equipment (42) located outside the 
10 containment (40) providing the interface between 

the operator and the control means, 
characterized in that: 

- the control means comprise firstly a control box 
(20) impermeable to radiation and comprising 

15 electronic circuit boards, and secondly a power 

supply box (1) impermeable to radiation and 
comprising at least one energy supply source, 
and 

- management means (42) comprising a communication 
20 device to. transmit orders to onboard control 

means and to receive data about the state of the 
said control means and the state of remote 
manipulation and carrying equipment (41, 43) . 

25 2. Control system according to claim 1, 

characterized in that the power supply box (1) 
comprises two power supply sources operating 
redundantly. 

30 3. Control system according to claim 1 or 2, 

characterized in that the electronic circuit boards 
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comprise several microprocessors operating alternately 
and processing ■ circuits providing functional control 
over this microprocessor. 

5 4. Control system according to any one of claims 

1 to 3, characterized in that it is self -configurable 
to match the manipulation equipment (41) and the 
carrying equipment (43) . 

10 5. System according to any one of claims 1 to 4, 

characterized in that the control means (42) comprise 
circuits for processing status data received from the 
control means to diagnose failures and operating errors 
of the equipment (41, 43) and the control means. 

15 

6. System according to any one of the previous 
claims, characterized in that the control means are 
each provided with a base (19, 30), larger than the 
power supply box (1) and the control box (20), fixed 

20 permanently on each equipment to be controlled and each 
being provided with: 

- means of attachment to a control box (20) or a 
power supply box (1) onto the base; 

- internal connection means to make electrical 
25 and/or electronic connections between the box 

and the base on which it is fixed; and. 

- external connection means for making external 
electrical and/or electronic connections between 
the equipment (41, 43) to be controlled and the 

30 base (30) . 

7. System according to claim 6, characterized in 
that the power supply boxes (1) and the control boxes 



(20) are provided with locking means (10, 12, 21, 23) 
on their corresponding bases (19, 30, 44), that can be 
manoeuvred from outside these power supply boxes (1) 
and control boxes (20) . 

8. System according to claim 6, characterized in 
that a lead base plate (31) is placed under the base 
(30) of each control box (20) . 

9. System according to claim 6, characterized in 
that the power supply boxes (1) and the control boxes 
(20) each comprise a stainless steel housing closed by 
a Plexiglas cover (6, 27). 

10. System according to claim 9, characterized in 
that it comprises gaskets (8, 26) to be used for 
assembly of the Plexiglas covers (6, 27). 
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SYSTEME DE COMMANDE D' UNITES DE LEVAGE ET DE 
TE LEMAN I PUIAT I ON PLACEES EN ENCEINTE CONFINE E 

DESCRIPTION 

5 DOMAINE DE L/ INVENTION 

L' invention concerne l'industrie du 
retraitement de combustibles nucleaires et de 
traitement de materiels contamines. 

Elle concerne en particulier les 
10 telemanipulateurs places dans des enceintes confinees, 
inaccessibles a l'homme, pour y effectuer de nombreuses 
taches . 

ART ANTERIEUR ET PROBLEMES POSES 

Dans le cadre des installations liees a 
15 1' industrie nucleaire, des equipements de 

telemanipulation ont ete introduits pour diminuer 
1' exposition aux rayonnements des agents et faciliter 
1' execution de certaines taches difficiles, voire 
impossibles a effectuer autrement. Au fil des annees, 
20 les equipements se sont perf ectionnes, grace en 
particulier au progres de 1' electronique et, notamment, 
dans les techniques inf ormatiques, les techniques 
optiques/visuelles, la technologie des materiaux. Ceci 
a abouti, entre autres, a la robotique qui est 
25 largement utilisee dans l'industrie nucleaire ou il 
existe des dangers particuliers comme les rayonnements, 
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dans des zones de travail confinees et parfois avec das 
temperatures on nne humidite part i cul i eremen t e levees. 

Les services de traitement des combustibles 
recoivent ces derniers, confines dans des chateaux, 
5 avant d'effectuer differents traitements mecaniques 
(ouvertures des etuis, cisaillage) et chimiques 
(dissolution, clarification, ajustage) . Les appareils 
de telemanipulation installes dans ces zones confinees, 
inaccessibles a l'homme, posent un probleme de 

10 commande. En effet, le systeme utilise est souvent un 
equipement de teletransmission par courant porteur. En 
d'autres termes, les ordres de commande sont envoyes, 
via la ligne d' alimentation, a des moyens de modulation 
de frequence. La commande est effectuee par l'homme, 

15 avec des equipements places a l'exterieur de la cellule 
{appeles equipements au sol) et des equipements places 
a l'interieur de la cellule {appeles equipements 
embarques) . 

Les differents engins et robots utilises 
20 dans ces enceintes confinees consistent souvent en 
I' association d' un systeme porteur et d'un engin de 
manipulation. On utilise done ainsi des unites de 
levage, des telemanipulateurs lourds, des ponts 
roulants, des consoles murales, des coulisses murales. 
25 La figure 4A montre une unite de levage 

qui, selon le type de porteur sur lequel elle est 
installee, permet des mouvements horizontaux dans deux, 
directions X et Y perpendiculaires . Elle possede un 
treuil . permettant de monter et de descendre un grappin 
30 electrique 50. 

La figure 4B montre un telemanipulateur 
lourd dont le corps 51 peut, en fonction du porteur 
utilise, etre place n' importe ou a l'interieur de 
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1' enceinte et perraettant des mouvements dans des 
directions perpendi on ] ~ i res hoHzontales X et Y, ainsi 
qu'une rotation autour d' un axe vertical d' un bras 
principal 52 qu'il :..;;portsf. A 1 extremice de celui-ci 
se trouve j^e ; ~?. - :: r c-rilt iirss'i d'uns' 

rotation autour d' un axe lui-meme porte par le bras 52, 
par 1' intermediate de bras intermediates 54. Ces 
derniers peuvent egalement beneficier de mouvements de 
rotation. L' ensemble est egalement complete d' un palan 
55 fixe a la console 51. 

Tous ces engins disposent d'une liberte de 
mouvement en fonction de l'engin porteur utilise. Par 
exemple, la figure 4C montre, en vue de dessous, un 
pont roulant, complete par une platine, permettant a un 
chariot 56 de se deplacer dans deux directions 
horizontales X et Y. 

La figure 4D, qui est une vue de dessus, 
montre une console murale. Celle-ci possede un chassis 
triangule 57 mobile sur un rail horizontal -et fixe sur 
un mur vertical 58 de 1' enceinte. Une translation 
horizontale le long de ce mur 58, dans la direction X 
est possible. De plus, cette structure triangulee 
permet un mouvement horizontal, dans la direction 
perpendiculaire Y, d'une platine 59 qu'elle porte. 

La figure 4E montre une coulisse murale. 
Cette derniere possede une base 60 qui peut etre 
deplacee verticalement selon la direction Z et selon 
une direction horizontale X par rapport au mur de 
1' enceinte. Une potence 61 est montee mobile en 
rotation autour d' un axe vertical fixe sur la base 60. 
Cette potence 61 porte, sur deux rails horizontaux 62, 
une platine 63 qui peut done se translate: 
horizontalement par rapport a ces derniers. 
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• Dans tous ces cas, il s'avere indisp^r ~: - 
de pouvoir realiser facilement et r<v . ' --nL 
1'entretien et la maintenance du materiel enb?rc\--. "Jans 
}cs >- J ] r.le ~: r-u':' Ir.-'f o. '-* r , le ^a U; L 

c — ;c-Jqic r /- r-r',:V toir-ber pa r i s \^ ; S_ r ; . «^ 

curee de vie, il est, de toute maniere, destine £ etre 
renouvele. En particulier, les cartes electroniques 
doivent etre remplacees regulierement . II s'ensuit un 
rapatriement mecanique du materiel defaillant et une 
.intervention humaine dans des pieces intermediaires ou 
sas d'entretien, ou couloirs d' intervention-, dans 
lesquels les operateurs interviennent pendant plusieurs 
minutes ou plusieurs heures en fonction des difficultes 
rencontrees pendant la reparation. 

En outre, la reparation d'une carte 
electronique necessite la sortie de 1' enceinte de 
confinement. Or, cette carte electronique, comme tous 
les materiels. situes en enceinte, est contaminee. II 
faut done lui faire subir un traitement de 
decontamination avant de pouvoir la reparer. Cependant, 
ces traitements de decontamination sont agressifs et 
peuvent alterer ses composants, d'ou une deterioration 
generale de la carte. 

De plus, pour resister aux rayonnements, 
les cartes electroniques sont realisees en technique 
durcie. Leur cout est done eleve. Par ailleurs, leur 
approvisibnnement devient de plus en plus difficile, ce 
qui oblige, bien souvent, les operateurs a « bricoler » 
les cartes pour les reparer, a defaut de les changer. 

Le but principal de 1' invention est done de 
faciliter la maintenance du materiel embarque a 
1'interieur des enceintes confinees en modifiant le 
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systeme de commande emfoarque et au sol pour minimiser 
les interventions humaines et leurs durees. 



Resume de 1' invention 

A cet effet, l'objet principa-1 de 
1' invention est un systeme de commande d' engins de 
telemanipulation fonctionnant en enceinte de 
confinement et soumis a des rayonnements radioactifs, 
comportant : 

- des moyens de pilotage dits « embarques » 
situes a l'interieur de 1' enceinte, destines a 
commander les mouvements desdits engins de 
telemanipulation ; et 

- des moyens de gestion, situes hors de 
1' enceinte et assurant 1' interface entre l'operateur et 
les moyens de pilotage. 

Selon 1' invention : 

- les moyens de pilotage comportent, d'une 
part, un coffret de commande etanche aux rayonnements 
et comprenant des cartes de circuits electroniques et, 
d' autre part, un coffret d' alimentation etanche aux 
rayonnements et comprenant au moins une source 
d' alimentation en energie ; et 

les moyens de gestion comportent un 
dispositif de communication pour transmettre des ordres 
aux moyens de pilotage embarques et recevoir des 
donnees relatives a 1' etat desdits moyens de pilotage 
et a 1'etat des engins de telemanipulation. 

Dans sa realisation pref erentielle, le 
coffret d f alimentation comporte deux sources 
d' alimentation fonctionnant en redondance. 
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Les cartes de circuits electroniques 
comportent , de preference, plusieurs microprocesseurs 
fonctionnant en alternance et des circuits de 
traitement assurant la gestion f onc.tionnelle de ces 
5 microprocesseurs. 

Le systeme de commande selon 1' invention 
est avantageusement autoconf igurable . 

Dans leur realisation pref erentielle, les 
moyens de gestion comprennent des circuits de 
10 traitement des donnees d'etat emises par les moyens de 
pilotage pour diagnostiquer les pannes et erreufs de 
fonctionnement des engins et des moyens de pilotage. 

II est prevu que les moyens de pilotage 
comprennent chacun un socle, de plus grande dimension 
15 que le coffret d' alimentation et le coffret de 
commande, fixe a demeure sur chaque engin a commander 
et etant munis chacun : 

- de moyens de fixation a un coffret de 
commande ou d' alimentation sur un socle ; 
20 -de moyens internes^ de connexion pour 

assurer les liaisons electriques et/ou electroniques 
entre le coffret et le socle sur lequel il est fixe ; 
et 

de moyens externes de connexion pour 
25 assurer les liaisons electriques et/ou electroniques 
entre 1' engin a commander et le socle. 

Dans ce cas, il est prevu egalement que les 
cof frets d' alimentation et les cof frets de commande 
aient des moyens de verrouillage sur leur socle 
30 respectif, manoeuvrables de l'exterieur de ces cof frets 
d' alimentation et de commande. 

Dans le but de se premunir contre l'effet 
nefaste des radiations; le socle de chaque coffret de 



B 12918.3 JB 



commande possede de preference une semelle de plomb 
placee en dessous. 

Dans leur realisation principale, les 
cof frets d' alimentation et de commande comprennent 
\ chacun un boitier en acier inoxydable ferme par un 
couvercle en plexigias. 

Enfin, des joints d' etancheite completent 
avantageusement ce type de montage. 

Breve description des dessins 

1/ invention et ses differentes 

caracteristiques techniques seront mieux comprises a la 
lecture de la description suivante, annexee de huit 
figures decrivant respectivement : 

- figure 1, le systeme de commande selon 
1' invention dans le cadre de son utilisation ; 

figure 2, en vue eclatee, le coffret 
d' alimentation du systeme de commande selon 
1 ' invention ; 

- figure 3, en vue eclatee, le coffret de 
commande du systeme selon 1' invention ; et 

- figures 4A, 4B, 4C, 4D, 4E, des schemas 
relatifs a des appareils places a 1'interieur 
d' enceintes et sur lesquels doivent etre installes des 
elements du systeme selon 1' invention. 

Description detaillee d r un mode de 
realisation de 1' invention 

Le systeme de 1' invention, represents de 
facon schematique sur la figure 1, comporte, d'une 
part, des moyens de pilotage 43 embarques sur l'engin 
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4 1 a commander et, d' autre part, des moyens de gest.ion 
42 dit3 « au sol », c' cst-a-dirc situcs hors de 
1' enceinte de confinement 40 dans iaquelle se trouve 
1' engin a commander 41. La transmission des 
informations entre les equipements au sol et les 
equipements embarques est assuree par la technique 
connue des courants porteurs (technique consistant a 
superposer au courant industriel alimentant les 
equipements, un signal haute frequence module par un 
signal basse frequence correspondant au signal logique 
a transmettre) . 

Chaque engin 41, place en enceinte confinee 
40, comporte un chassis/armoire 43 qui supporte des 
moyens de pilotage consistant, entre autres, en un 
socle 44 destine a recevoir un ou plusieurs coffrets 
et, en particulier, un coffret d' alimentation 1 et un 
ou plusieurs coffret (s) de commande 20. 

Le coffret d' alimentation 1 contient toutes 
les sources d' alimentation necessaires a la 
transmission d r informations vers 1' equipement au sol. 
Selon le mode de realisation prefere de 1' invention, ce 
coffret d' alimentation 1 comporte deux sources 
d' alimentation 24/48 volts redondantes, aptes a se 
remplacer l'une 1' autre dans le cas ou l'une d' elles 
serait defaillante. 

Le coffret de commande 20 comporte tous les 
elements necessaires au pilotage de 1' engin 41 sur 
lequel il est fixe. De preference, ces elements 
necessaires au pilotage de 1' engin 41 sont repartis en 
plusieurs coffrets de commande 20, relies les uns aux 
autres electriquement par 1' intermediaire du socle 44, 
qui sera decrit plus en detail ulterieurement . 
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Avantageusement, les coffrets 20 de 
commande 3ont repartis dc la facon suivante ; 
. un coffret de teletransmission embarque qui contient 
le materiel destine : girer la liaison avec 
5 1 ' squiperrent au sol et, --insi, a assuror le transfert 
des informations de l'equipement embarque vers 
l'equipement au sol ; 

. un coffret d' informatique embarque qui contient des 
cartes de circuits electroniques, ces cartes 
10 electroniques assurant, a partir des informations 
recues de l'equipement au sol et des informations 
locales fournies par les capteurs de l'engin, la 
determination des deplacements que doit effectuer 
l'engin. 

15 Selon un mode de realisation prefere de 

1' invention, ce coffret d' informatique embarque 
contient deux cartes CPU (unite centrale) comprenant 
chacune deux microprocesseurs , deux cartes FSK 
(modulation par deplacement de frequence) , deux cartes 

20 d' entree/sortie de type tout~ou-rien et une carte de 
codeurs . Dans ce mode de realisation, les quatre 
microprocesseurs du coffret d' informatique fonctionnent 
en alternance. Ces microprocesseurs fonctionnent chacun 
a leur tour de facon a augmenter leur duree de vie, 

25 ainsi que leurs capacites respectives (cf demande de 
brevet francais FR-2 6JI3 160) . Un logiciel embarque, 
dans ce meme coffret, assure la gestion de ces quatre 
microprocesseurs . 

II est a noter que le coffret 

30 d' informatique de 1' invention est le meme quel que soit 
le type d' engin a commander : unite de levage, 
telemanipula teur lourd, etc. 
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. un coffret de puissance embarque qui assure 
1' interface entre le coffret d' inf orma t i que embarque et 
les differents moyens mecaniques de deplacement de 
l'engin (moteurs, embrayages, etc.). Ce coffret de 
5 puissance comporte une pluralite de relais, commandes 
par les sorties du coffret d' informatique . Ces relais 
commutent 1' alimentation des moyens mecaniques de 
deplacement de l'engin ; 

. un coffret d r alimentation en energie du coffret 

10 d' informatique . 

Outre les moyens de pilotage, chaque engin 
comporte des capteurs d'etat, tels que des codeurs et 
des capteurs de fin de course, qui permettent 
d' informer les moyens de pilotage de la position exacte 

15 de l'engin dans 1' enceinte confinee. 

Les moyens de pilotage qui viennent d'etre 
decrits sont geres au sol par des moyens de gestion 42. 
Ces derniers consistent en une armoire generale de 
cellule qui regroupe : 

20 - un dispositif de teletransmission au sol 

destine a gerer la liaison avec les moyens de pilotage 
embarques et, done, a assurer le transfert 
d' informations de l'equipement au sol vers l'equipement 
embarque ; 

25 - un boitier de commande mobile qui permet 

a l'operateur de commander, au sol, les mouvements de 
l'engin et de prendre connaissance de l'etat de cet 
engin ; 

un ordinateur central de type PC 
30 industriel qui assure la gestion de 1' ensemble de 
l'equipement au sol et embarque. 

Avantageusement, 1' ordinateur central est 
muni d'un logiciel d' aide au diagnostic dont le role 
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est de determiner, lorsqu'elles se presentent, les 
crrcurs dc f onctionnement ct/ou les dcfaillances du 
materiel situe en enceinte confinee. Par exemple, si 
1'un des microprocesseurs du coffret d' informatique 
embarque est defaillant. le logiciel commande une 
« mise au repos » de ce microprocesseur et le 
fonctionnement du systeme sur les trois autres 

microprocesseurs. Pendant ce temps de repos, le 

microprocesseur defaillant se regenere. 

De preference, l'ordinateur central 

memorise tous les etats du systeme dans un fichier 

consultable en temps reel. 

Selon un mode de realisation de 

1' invention, le systeme d' exploitation de 1' ordinateur 

central est un IRMX®, systeme temps reel et le logiciel 

de commande et d' aide au diagnostic est realise en 

langage BORLAND C/C++. 

Une interface homme/machine est realisee au 

moyen d' un clavier et d'un ecran connectes a l'armoire 

generale. 

En reference a la figure 2, le coffret 
d' alimentation 1 est egalement amovible et 
transportable, possede une poignee de manipulation 29, 
comme le coffret de commande 20. II est associe a un 
socle 19 qui possede une barrette de connexion 13. Sur 
le meme cote, il possede des trous 16 permettant le 
passage des differents cables d' alimentation electrique 
en liaison avec ce coffret d' alimentation 1, par 
1' intermediaire de prises. Enfin, le socle 19 possede 
deux pattes de fixation 18 equipees chacune d' au moins 
un trou de fixation 15 dans chacun desquels doit venir 
se positionner un pion de centrage 14 du coffret 
d' alimentation 1. 
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Ce dernier se presente sous la forme d'uh 
boitier 1A realise de preference en acier inoxydable. 
Celui-ci contient principalement deux cartes 
d' alimentation 2, logees a l'interieur de celui-ci et 
5 fixees par leur partie superieure a un radiateur a 
ailettes 3. Cet ensemble est fixe sur le boitier 1A, en 
particulier sur une premiere bride 5, par 
1' intermediaire d'un joint 4. Une autre partie 
superieure du boitier 20A est fermee par une plaque de 

10 plexiglas 6 fixee sur une deuxieme bride superieure 9 
au moyen d'une bride de fixation 7. Un joint 
d'etancheite 8 complete ce montage. Enfin, comme pour 
le coffret de commande 1A, le coffret d' alimentation 1 
possede une partie laterale 12 contenant des moyens de 

15 verrouillage de ce coffret d' alimentation 1 sur son 
socle 19. Un levier de manoeuvre 10 est place sur la 
partie superieure de cette partie laterale 12 qui est 
fermee par une bride 17 et un joint d'etancheite 11. 

En reference a la figure 3, le coffret de 

20 commande 20, qui est un coffret informatique embarque, 
est constitue d'un boitier 20A, amovible et 
transportable au moyen d'une poignee de manipulation 29 
fixee sur sa partie superieure, et d'un socle 30 place 
a demeure sur un engin a piloter. 

25 Le socle 30 est constitue principalement 

d'une semelle 34 dont la partie superieure a une forme 
epousant ia partie inferieure du boitier 20A, de 
maniere a pouvoir recevoir et positionner ce dernier. 
Le socle 30 se complete d'une semelle en plomb 31 

30 placee en dessous de la semelle 34. Cette semelle de 
plomb 31 a pour but d' empecher les radiations emanant 
de 1' appareillage a manipuler se trouvant en dessous du 
socle 30 de venir endommager ou irradier les elements 
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du coffret de commande 20 et son contenu, a savoir des 
cartes de circuits imprimes. 

Le socle 30, en particulier la semelle 34, 
se complete d'une tete avant 36, assez volumineuse, et 
d'une tete arriere 37 -\ peu moins volumineuse, 
c'est-a-dire un peu plus plate. On note que ces tetes 
avant 36 et arriere 37 se trouvent de part et d' autre 
du boitier 20A du coffret de commande 20, lui-meme, le 
socle 30 et sa semelle de plomb 31 etant legerement 
plus -large, c'est-a-dire depassant par rapport au 
coffret de commande 20. La tete avant 36 comprend des 
moyens de connexion externes des differents cables de 
commande destines au telemanipulateur ou a l'engin que 
le coffret de commande 20 doit piloter. Ainsi, une 
barrette de connexion 35 est placee sur la tete avant 
36 au moyen d'une bride de fixation 39. En ce qui 
concerne la tete arriere 37, des trous de connexion 32 
sont prevus pour connecter des cables a l'engin. 

On constate egalement, du cote de la tete 
arriere 37, la presence d'une barrette de . connexion 33 
constituant des moyens internes de connexion entre le 
socle 30 et le coffret de commande 20. 

On note que ces differents moyens de 
connexion, internes ou externes, servent a la 
reconnaissance du socle 30 lorsqu'un coffret de 
commande 20 est a positionner sur un engin de 
telemanipulation a commander et possedant un tel socle 
30. En d'autres termes, chaque telemanipulateur ou 
engin de telemanipulation est caracterise par son socle 
et, en particulier, les moyens internes, et en 
particulier la barrette de connexion 33. 

Le coffret de cor ..:^:ide est ce preference en 
inox et est ouvert en haut, tandis qu'une plaque de 
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plexiglas 27 assure la fermeture superieure du coffret 
de commande 20. Unc bride 28 et un joint d' etancheite 
2 6 completent. ce montage. L' ensemble est done montee 
sur une 'bride principaie 25 du coffre.t de commande 20. 
5 Le coffret 20 est pose sur le socle 30. 

On note sur ce dernier la presence d'une 
manette de verrouillage 23 placee sur un boitier de 
verrouillage 21 situe lui-meme sur le cote du coffret 
de commande 20. Une bride de boitier 24 et un joint de 

10 bride de boitier 22 completent ce montage. On comprend 
ainsi que, une fois positionne sur son socle 30, un 
boitier de commande 20 puisse etre fixe par 
verrouillage au moyen de la manette de verrouillage 23. 

Enfin, en reference a la figure 1, pour 

15 certains engins a commander, tels que des manipulateurs 
complexes, plusi.eurs boitiers de commande peuvent etre 
necessaires. Ces autres boitiers ne sont pas modifies 
physiquement , mais certaines cartes ont ete enlevees a 
l'interieur. On remplace exactement au raeme endroit les 

20 anciens boitiers par les nouveaux, equipes de leur 
socle respectif. 
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REVEND I CAT IONS 



1 . Systeme de commande d' engins de 
telemanipulation (41), fixes sur des engins porteurs 
(43), fonctionnant en enceinte de confinement (40) et 
soumis a des rayonnements radioactifs, comportant : 

- des moyens de pilotage dits « embarques » 
situes a l'interieur de 1' enceinte (40) et destines a 
commander les mouvements desdits engins de manipulation 
et porteurs (41, 43) ; et 

- des moyens de gestion (42) situes hors de 
1' enceinte (40) et assurant 1' interface entre 
l'operateur et les moyens de pilotage, 

caracterise en ce que : 

- les moyens de pilotage comportent, d' une 
part, un coffret de commande (20) etanche aux 
rayonnements et comprenant des cartes de circuits 
electroniques et, d' autre part, un coffret 
d' alimentation (1) etanche aux rayonnements et 
comprenant au moins une source d' alimentation en 
energie ; et 

- les moyens de gestion (42) comportent un 
dispositif de communication pour transmettre des ordres 
aux moyens de pilotage embarques et recevoir des 
donnees relatives a l'etat desdits moyens de pilotage 
et a l'etat des engins de telemanipulation et porteurs 
(41, 43) . 

2. Systeme de commande selon la 
revendication 1, caracterise en ce que le coffret 
d' alimentation (1) comporte deux sources d' alimentation 
fonctionnant en redondance . 

3. Systeme de commande selon la 
revendication 1 ou 2, caracterise en ce que les cartes 
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de circuits electroniques comportent plusieurs 
microproce33eur3 fonctionnant en alternance et de3 
circuits de traitement assurant la gestion 
f onctionnelle de ce microprocesseur . 

4. Systeme de commande selon l'une 
quelconque des revendications 1 a 3, caracterise en ce 
qu'il est autoconf igurable suivant l'engin de 
manipulation (41) et l'engin porteur (43). 

5. Systeme selon l'une quelconque des 
revendications 1 a 4, caracterise en ce que les moyens 
de gestion (42) comprennent des circuits de traitement 
des donnees d'etat recues des moyens de pilotage pour 
diagnostiquer les pannes et erreurs de f onctionnement 
des engins (41, 43) et des moyens de pilotage. 

6. Systeme selon l'une quelconque des 
revendications precedentes, caracterise en ce que les 
moyens de pilotage comprennent chacun un socle (19, 
30) , de plus grande dimension que le cof fret 
d' alimentation (1) et que le coffret de commande (20), 
fixe a demeure sur l'engin a commander et etant muni 
chacun : . 

- de moyens de fixation d'un coffret de 
commande (20) ou d' alimentation (1) sur lui-meme ; 

des moyens internes de connexion pour 
assurer les liaisons electriques et/ou electroniques 
entre le coffret et le socle sur lequel il est fixe ; 
et 

- des moyens externes de connexion pour 
assurer les liaisons electriques externes et/ou 
electroniques entre l'engin (41, 43) a commander et le 
socle (30) . 

1 . Systeme selon la revendication 6, 
caracterise en ce que les cof frets d' alimentation (1) 
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et les coffrets de commande (20) possedent des moyens 
dc vcrrouillagc (10, 12. 21, 23) sur leur socle 
respectif (19/ 30, 44), manoeuvrable de l'exterieur de 
ces coffrets d' alimentat: ;i (1) et de ces coffrets de 
5 commande (2 0) . 

8. Systeme selon la revendicat ion 6, 
caracterise en ce que chaque coffret de commande (20) 
possede une semelle de plomb (31) placee en dessous du 
socle (30) . 

0 9. Systeme selon la revendicat ion 6, 

caracterise en ce que les coffrets d' alimentation (1) 
et les coffrets de commande (20) comprennent chacun un 
boitier en acier inoxydable ferme par un couvercle en 
plexiglas (6, 27) . 

3 10. Systeme selon la revendication 9, 

caracterise en ce qu' il comprend des joints 
d'etancheite (8, 26) pour completer le montage des 
couvercles en plexiglas (6, 27) . 
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